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METHOD OF FORMING ONE OR MORE BASE STRUCTURES 
ON AN LTCC CO FIRED MODULE 

BACKGROUND OF THE INVENTION 
Field of the invention 

[0001] The invention in general relates to the field of LTCC (low 
temperature cofired ceramic) circuitry. 

Description of related art 

[0002] An LTCC circuit is comprised of a plurality of ceramic 
layers with passive and/ or active components and stacked together to 
form a module, with each ceramic layer containing thick film printed 
circuitry metallization, generally gold or silver. The ceramic layers 
include conductive vias for making electrical contact between layers 
and the stack of ceramic layers is cofired at a temperature high 
enough to sinter the layers, yet low enough so as prevent flowing or 
melting of the metallization. The result of the firing is to form a rigid 
monolithic structure. 

[0003] LTCC circuits have high packing density, can be 
customized to meet desired applications, are cost effective, reliable 
and can be controlled with respect to dielectric values. The LTCC 
allows for integration of digital and RF, stripline and microstrip 
circuits in a single light weight 3-D package. Such LTCC circuits are 
used for high frequency applications in both military as well as 
commercial devices. 

[0004] Often, after the LTCC module is cofired, it is desirable to 
add additional layers of metallization, in a certain pattern, to build up 
a base, on one or more surfaces, to which some component is to be 
attached. Such component may be a frame structure, a heat sink or 
an electrical connector block, by way of example. 
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[0005] Typically, the base to which the component is attached is 
made up of a plurality of metal layers to achieve a desired thickness. 
Each layer of the base is screened on, in the predetermined pattern 
and then fired at the cofiring temperature of around 850° C. This 
procedure of repeated firings of the LTCC module, however, at the 
elevated temperature, has an adverse affect on buried components 
such as resistors, capacitors and inductors which may change with 
these repeated firings. For example buried resistors may actually 
change their initial resistance value by more than 50% with repeated 
firings. Further, repeated high temperature firings may affect 
solderable layers and change their bondability. 

[0006] In addition, some ceramic materials which comprise the 
ceramic layers will also change with repeated high temperature firings. 
As the ceramic material is heated to a temperature above its 
crystallization temperature, additional crystallization occurs. This 
crystallization can modify the dielectric constant and density of the 
ceramic. 

[0007] It is an object of the present invention to minimize or 
eliminate the above described changes without degrading the 
performance of the metallization forming the base. 

SUMMARY OF THE INVENTION 

[0008] A method is described for forming at least one 
multilayered base having a predetermined pattern on at least one 
surface of a multi- surfaced LTCC module which has a stack of 
ceramic layers fired at a first, cofired temperature. The method 
includes applying a plurality of metal layers in one or more 
predetermined patterns on one or more of the LTCC module surfaces. 
The module is fired, as predetermined layers are applied, at a second 
temperature lower than the first, cofired temperature, but of a value to 
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partially sinter the applied metal layers. The module is fired, after a 
last of the metal layers is applied, only once at an elevated 
temperature greater than the second temperature, to fully sinter the 
metal layers. In one embodiment the module is fired after the 
application of each metal layer and in another embodiment one or 
more metal layers may be applied, allowed to dry, and receive a next 
metal layer, prior to firing. 

[0009] Further scope of applicability of the present invention will 
become apparent from the detailed description provided hereinafter. 
It should be understood, however, that the detailed description and 
specific example, while disclosing the preferred embodiment of the 
invention, is provided by way of illustration only, since various 
changes and modifications within the spirit and scope of the invention 
will become apparent to those skilled in the art, from the detailed 
description. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The present invention will become more fully understood 
from the detailed description provided hereinafter and the 
accompanying drawings, which are not necessarily to scale, and are 
given by way of illustration only, and wherein: 

[0011] Fig. 1 is an exploded view illustrating a typical LTCC 
module. 

[0012] Fig. 1A is a view of the bottom of the LTCC module of Fig. 
1. 

[0013] Fig. 2 is a more detailed view of a typical base applied to a 
surface of an LTCC module. 
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[0014] Figs. 3A to 3D illustrate the improved process of the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0015] Referring now to Fig. 1, there is illustrated an LTCC 
module 10 comprised of a plurality of ceramic layers 12 each having a 
pattern of metallization defining electrically conducting vias, 
conductors, and passive elements such as capacitors, inductors and 
resistors, by way of example. Although only several ceramic layers are 
shown for purposes of illustration, actual LTCC modules may be 
fabricated with dozens of such layers. The LTCC module 10 also 
includes wells 14 for receiving active elements such as micro chips. 
The structure has a top surface 16, a bottom surface 18 and a 
plurality of side surfaces 20, two of which may be seen. 

[0016] The stack of ceramic layers 12 are cofired at a first, 
cofiring temperature of around 850° to complete densification and 
adhesion of metallization. It is often necessary to add certain 
components after the cofiring and these components are secured to a 
base of metal layers applied to one or more surfaces of the module. In 
accordance with the present invention, such bases are formed without 
degrading any buried or surface components and without significantly 
changing the electrical properties of the ceramic structure. 

[0017] In Fig. 1 base 24 on a first, or top surface 16 is formed in 
multiple firings and has a predetermined pattern for receiving some 
component. Such component may be the frame member 26, which is 
brazed to base 24 and to which may be fastened a top lid for 
hermetically sealing the LTCC module 10. 

[0018] In the present example, a second base 28 is applied to a 
second, or bottom surface 18 and accommodates a heat sink 30. A 
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view of the bottom surface 18 and heat sink 30 is shown in more 
detail in Fig. 1A. 

[0019] A third, or side surface 20 includes a base 32 that has an 
electrical connector block 36 connected to it. 

[0020] A typical multilayered base is illustrated in Fig. 2. 
Numeral 40 represents a ceramic surface of an LTCC module, the 
ceramic having a surface 41. Formed on the surface 41 is a 
multilayered base 42 for receiving some component such as illustrated 
in Fig. 1. The base 42 is comprised of a metal adhesion layer 44, one 
or more intermediate metal layers 46 (two are shown by way of 
example), and a top metal layer 48. The improved formation of a base 
such as base 42 is the subject of the present invention and to this 
end, reference is made to Figs. 3A to 3 D. 

[0021] In Fig. 3A the adhesion layer 44 is formed on the surface 
41 of ceramic 40. The adhesion layer 44 is a metal such as gold, 
which generally includes one or more additives to promote adhesion to 
the ceramic. The adhesion layer 44 may be cofired at the first, cofiring 
temperature of ~ 850° C along with the LTCC module, or may be fired 
after such cofiring, at a second, lower temperature of around 650° C, 
which is sufficient to partially sinter the metal but low enough so that 
the electrical and other properties of buried components and ceramic 
material will not be degraded. 

[0022] In Fig. 3B the first intermediate layer 46 is applied over 
the adhesion layer 44, in the same pattern, and the LTCC module is 
fired at the second, lower temperature of 650° C. The second 
intermediate layer 46 is applied over the first intermediate layer, as 
indicated in Fig. 3C, and the LTCC module is again fired at the 
second, lower firing temperature of 650° C. 

[0023] In Fig. 3D, a top layer 48 is applied over the last 
intermediate layer 46, after which the module is again fired. The 
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particular firing temperature depends upon whether or not another 
base is to be formed on another surface. If no further bases are to be 
formed, the module is given a final firing at an elevated temperature to 
fully sinter all applied metal layers. This elevated temperature may 
vary depending on the specific ceramic material used, but will 
generally be in the range of around 800° C to 850° C (the cofiring 
temperature). If another base is to be formed, the module firing 
temperature is the second, lower temperature. For better adhesion of 
the particular component to be attached to the base 42, it is 
preferable that the top metallization layer 48 be of a pure metal 
without the previously mentioned additives. Further, the intermediate 
layers 46 may also be devoid of such additives. 

[0024] In an alternate embodiment, a predetermined metal layer 
may be applied and a subsequent metal layer applied to it, prior to 
module firing. For example, one or more intermediate layer 46 may be 
printed over a previous layer and allowed to dry, with no module 
firing. Another layer is then printed over a previous layer and then the 
layers may be collectively fired at the second, reduced temperature, or 
at the elevated temperature, as the case may be. 

[0025] The process of the present invention (post-fired 
metallization) is applicable to all LTCC materials that need additional 
metal after the stack of ceramic layers is fired. The process is a major 
deviation from the standard industry-wide process of multiple firings 
at the cofiring temperature of 850° C. The process of the present 
invention solves two major issues encountered using the standard 
process. The first is the integrity of buried components such as buried 
resistors is maintained, and the second is that any physical and 
dielectric changes are minimized or eliminated. 

[0026] The foregoing detailed description merely illustrates the 
principles of the invention. It will thus be appreciated that those 
skilled in the art will be able to devise various arrangements which, 
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although not explicitly described or shown herein, embody the 
principles of the invention and are thus within its spirit and scope. 
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